After the EU 2006 policy reform, EU sugar industry was undergoing fascinating development. The main aim of the contribution was to compare, how changes influenced sugar beet producers in the Czech Republic and Poland. In Poland, farmers were able to increase the average size of cultivated land while number of farmers decreased by 70%, yields and sugar content improved. In the Czech Republic, no significant improvement in average area per grower and sugar content was noticed, improvement was observed in the yield and total production. Most of the beet production is located close to sugar refineries, due to logistics constraints. Czech farms operate under higher costs and lower per hectare profit margin. Producer are operating under almost perfect competition, as Herfindahl-Hirschman index for producers is equal to 29.96 and 3.12 for the Czech Republic and Poland respectively. Distribution of sugar beet area among farmers, measured by the Gini coefficient, is qualified as very highly unequal. In both markets, differences in market powers exists.
INTRODUCTION
Sugar belongs to one of the mostly grown arable crops in Central Europe (Potori et al., 2017) , while the whole industry was facing significant changes. As sugar market was characterised as one of the most distorted and protected (Marks and Maskus, 1993; Ryden, 2013) , after the EU 2006 policy reform, EU sugar industry is undergoing fascinating development -increasing productivity, rising concentration as well as changes in the market and regulated environment. In addition, since 2017 sugar production quotas were abolished sugar market can develop its own direction on the Single European Market. End of quotas was expected to result into optimisation of production by saturating available sugar production capacities. As a result, higher production appeared and correlation between world and European sugar price was observed (Heno et al., 2018) . Impacts of policy changes are also visible out of the EU. Most of the sugar imported (more than 60% of imports) comes from African, Caribbean and Pacific countries (ACP) and Least developed countries (LDCs) under Economic Partnership Agreements; Everything But Arms regime.
Elimination of quotas led to increased EU production resulting in the fact, that EU became a net exporter (U.S. Department of Agriculture, 2018). To help 18 traditional supplying countries, EU provides significant financial assistance to strengthen sugar sector competitiveness or supporting diversification of activities (Blanco, 2018) .
Sugar is considered a sensitive commodity, therefore within liberalisation process with third countries, special attention is paid to sugar trade regime. Therefore, in some trade agreements tariffs are not eliminated, in some cases, preferential quotas are being applied (Ministry of Agriculture of the Czech Republic, 2017). After the 2017 policy reform, EU still plans to support and protect its sugar industry mainly by substantial import tariff and private storage aid (European Commission, 2017) .
Volume and value of the sugar crops production and trade have risen unusually quickly in recent years (Svatoš et al., 2013) . Nevertheless, the development in the industry had to accept many challenges after European sugar reform from 2006. Large portions of production capacities (more than 50% of sugar factories; Řezbová et al., 2013) of predominantly uncompetitive sugar producers were destroyed and in addition, some countries lost all its sugar production facilities. Those were Bulgaria, Ireland, Latvia, mainland Portugal and Slovenia. Finally, EU sugar production was concentrated in 18 EU countries, while before the reform sugar was produced in 23 member states. Overall reduction of production quota was 28% from 18.5 million to 13.3 million tonnes (European Commission, 2009) . Applied changes had an impact on market concentration in the sugar industry (ARETÉ, 2012; Řezbová et al., 2015; which led to increased efficiency in the sector while opportunities were taken to promote economies of scale (Organisation for Economic Cooperation and Development, 2007) . As in other sectors (Clarke et al, 2002; Dobson et al., 2003) concentration in the sugar sector took place mainly through mergers and acquisitions, while large European sugar groups/alliances used the opportunity to increase their power outside their home country, in the case of the EU, mainly in the new EU members. Not only in the EU, but concentration in the sugar market also occurs as a general trend worldwide (Wiltgen, 2007; Breguet, 2011; Siqueira et al., 2017) .
Original scientific paper DOI: /10.5513/JCEA01/20.3.2313 Kotyza et al.: Changes in sugar beet production in the Czech Republic and Poland after the... For the purpose of own analyses, the following categories of data are observed: (i) sugar beet production characteristics (area, yield, total production); (ii) cultivated area of each sugar beet producing farm; prices in the sugar value chain (price of sugar beet, producer and price in retail).
The development over time is analysed by using a simple statistical indicator such as Average Annual Growth Rate (AAGR) based on geometric mean. This means, AAGR is a geometric average of an individual growth rates (x n /x n-1 ). Following formula was used for the calculation:
The concentration of production capacities is analysed from the point of view of all Czech and Polish sugar producers. This analysis is based on the application of Herfindahl-Hirschman index (further referred as HHI).
The index is able to measure the market concentration of the industry. According to Hirschman (1964) , HHI is calculated as follows:
where P i stands for market share of corporation "i" in the sugar production, "n" denotes total amount of corporations operating on the relevant market in the given country.
HHI ranges between 0 and 10,000, while values close to 0 indicates no concentration and high competitiveness of the market; while 10,000 indicates low level of competition signalising monopoly. Naldi and Flamini (2014) defined following thresholds: (i) highly competitive industry has values below 1,000; (ii) values 1,000 -1,500 signalise unconcentrated markets; (iii) values 1,500 -2,500 indicate moderately concentrated markets;
(iv) values above 2,500 indicates highly concentrated markers. The more HHI approaches 10,000, the more concentrated and monopolistic the market is.
Distribution of production at the level of beet growers, from the harvested area point of view, is assessed by Lorenz curve and Gini concentration analyses. Both measures are used in a wide variety of areas (Lyon et al., 2016) , but originally developed to measure inequality of income and wealth. Gini indexes of less than 0.3; 0.3-0.399; 0.4-0.499; and 0.5 or greater correspond to low, medium, high, and very high-income inequality, respectively (Conference Board of Canada, 2018). Lorenz curve represents the share of the total held by the lowest x% of the distribution. Area between the Lorenz curve and the line of equality is marked as "Area A", while area below the Lorenz curve is marked as "Area B". The whole area below equality line (i.e. A+B) is equal to n/2, where n was equal to 838 for Czech Republic and equal to 36,014
(1)
(2)
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RESULTS AND DISCUSSION
Both Czech Republic and Poland belong to the Top EU beet-sugar producing countries. Among those, France, Germany, United Kingdom, Netherlands, Belgium and Austria are considered TOP 10 EU sugar beet producers.
In these countries, sugar beet is harvested from more than 40 thousand hectares (see Table 1 ). However, European agriculture is differentiated toward small and big farms, also in the production of beet. (4) to other EU beet growers. However, as seen from the long-term perspective, it can be observed how total area utilised for beet production changed, and how beet yield and sugar content improved. In Poland, total utilised area of beet (Table 2) as well as the concentration of production at the farm level (Golinowska and Zimny, 2015) . These improvements were also mirrored in yield quality, defined by beet sugar content of roots when delivered to the sugar refinery.
Average sugar content of beet (Table 3) production follows intensification of production through increasing yields and quality, the situation in the Czech Republic is opposite, rather extensive approach is applied as illustrated in Table 3 .
Original scientific paper DOI: /10.5513/JCEA01/20.3.2313 Kotyza et al.: Changes in sugar beet production in the Czech Republic and Poland after the... New farms can be identified as rather smaller one, therefore the fact resulted in decrease in average beet area (2017; 70 ha). End of quotas motivated refineries to contract more beet, therefore an additional increase in average area per farm is observed in 2017.
Anyway, as seen in Table 4 , average Czech farms are much bigger than other average farms in the rest of the EU. From the most important beet-growers, UK is the closest with respect to farm size. However, UK farmers, still, are by 60% smaller. After Brexit (March, 2019), the situation of Czech farmers will change significantly. The closest "size competitor" will be probably France with only about 13 -15 ha of beet per one farm. Farmers needs to take in consideration the fact, that intensity is important for farmers rather than size. The same volume of production Czech average farmer were able to reach in 2016 on 77 hectares, Spanish farmers would reach on 52 hectares, French on hectares and Dutch on 59 hectares (Table 4 ).
From the perspective of production distribution among individual regions, in both countries exist regions where beet is produced the most. It means, beet production is not equally distributed among the whole country, but rather concentrated close to milling and refinery facilities due to costly transportation. In the Czech Republic, there are three regions (Karlovarský, Plzeňsky, and Jihočeský) without any beet production. In Poland, there is only one region, where beet was almost not harvested in 2017 (Podlaskie; the one farmer cultivating four ha). In the Czech Republic, the largest share of beet production is produced in Středočeský (no. 8; 26.5%), Olomoucký (no. 5; 18.6%) and Královehradecký region (no. 6; 17.6%).
In those regions, 505 farmers grown beet on total 42,395 hectares. In Poland, most significant regions are Wielkopolski (no. 15; 20.8%); Kujawsko-Pomorski region (2; 19%) in the western part of Poland and Lubelski region (no. 4; 17.5%) in the eastern part of Poland. In these three regions, 57.3% of the land is located which is devoted to beet production.
In Table 5 and 7 regional characteristics of beet production are presented and Figure 1 provides graphical illustration of regional specifics. Data were received from Czech (SZIF) and Polish (ARiMR) paying agency. Both agencies provided data on received sugar payments by individual farmers. Based on per hectare 2017 payment (EUR 363 in Poland; EUR 262 in the Czech Republic), individual regional characterisations were calculated.
In the Czech Republic, the highest number of farmers is located in Středočeský region, where the biggest refinery is located (Tereos TTD -Dobrovice); followed by Královehradecký region (Tereos TTD -Ceske Mezirici) and
Olomoucky region, where 3 smaller refineries are located (Cukrovar Vrbátky; Litovelská cukrovarna; Hanácká potravinářská společnost). In the Ustecký region; region without any refinery, the largest beet-specialised farmers were located. Average farm size in that region equalised to 106.6 ha per entity, mainly due to the fact, that 16 Original scientific paper DOI: /10.5513/JCEA01/20.3.2313 Kotyza et al.: Changes in sugar beet production in the Czech Republic and Poland after the... (2018), own processing by use mapchart.net) out of 31 farmers harvest beet on more than 100 ha, with maximum 417 ha of beet per entity. However, such a big entity is not an exception in the Czech Republic. 571 farms harvest beet on less than 80.9 hectares (below average), while 267 farms cultivate beet on more than 80.9 hectares (above average). Among those, (i) 214 farms cultivated more than 100 ha; (ii) 82 farms more than 200 ha; (iii) 35 farms more than 300 ha; (iv) 8 farms more than 500 ha and (v) only 1 farm cultivated more than 1,000 ha of sugar beet in 2017.
Significant differences are also evident among legal (corporate) and individual farms ( (Table 7) . Generally, in Poland strong position Original scientific paper DOI: /10.5513/JCEA01/20.3.2313 Kotyza et al.: Changes in sugar beet production in the Czech Republic and Poland after the... RID -regional identification number used in Figure 1 . Source: own processing based on data from SZIF (2018). 6 ), were not available to the time being.
The regional characteristics, as described in Original scientific paper DOI: /10.5513/JCEA01/20.3.2313 Kotyza et al.: Changes in sugar beet production in the Czech Republic and Poland after the... Characterisation of beet producers could be easily assessed by Lorenz curve (Figure 2 ). Based on its shape, it can be assumed, that distribution of cultivated land among growers evince higher equality in the Czech Republic in comparison to Poland. In Poland, the curve is more distant from the 45° line, which characterises the perfect distribution of cultivated land among individual farmers. Gini coefficient, calculated from the Lorenz (2018)) 66.8% of beet grown area. Among others, top 10% of agricultural enterprises (size above 10.12 ha) occupy 52% of beet grown area, while in the Czech Republic top 10% of farms (with coverage higher than 195 ha) occupy 39.2% of cultivating land. Concentration of farmers, according to HHI, was in both countries very limited. Therefore, at the level of production, perfect competition with a large amount of players was observed. HHI for Poland was almost 10 times smaller than Czech HHI.
As indicated above, there is a big difference in size of beet farms. Average Czech entities are more than 14 times bigger than average Polish beet grower, which one could expect could lead to economies of scale. Bigger farmers should be able to negotiate better conditions for agricultural inputs, are able to utilise machinery more efficiently, as well as overheads are divided into more production units. However, literature reflects the fact, that small farms could be operated more efficiently than largescale farms -Inverse Relationship theory mainly studied in developing countries (Schneider and Lenzelbauer, 1993; Heltberg, 1998) . To study differences in scale economies, financial aspects of beet production were considered. Among the EU countries VCS ranges from EUR 100 to 600 according to Blanco (2018) . This makes sugar beet one of the most supported sectors together with dairy products, fruits and vegetable, beef and veal, etc. (Blanco, 2018) . For the SSP, the payments per tonne of harvested beet were provided, while under VCS per hectare payments are granted. In both countries, similarity in per tonne payments were observed (SSP, .
Values presented in the Tables 11 and 12 (line "payment per hectare") reflect average yield in a given country for a given year. Higher average yield in the Czech Republic resulted in higher separate sugar payment per hectare.
Difference in per hectare SSP in the Czech Republic and
Poland oscillated between EUR 89 (2008) and EUR 203 (2011) . However, in 2015, significant change occurred.
As per-tonne based system was replaced by per hectare payment (VCS), the situation changed. In Poland, payment over EUR 800 per hectare decreased to EUR 504 in 2015 and later to EUR 350 (-60%). In the Czech Republic, total decrease was more drastic; payments decreased from EUR 977 (2014) to EUR 257 in 2018 (-74%). Only for comparison, sugar VCS in Hungary and Slovakia reached 421.1 EUR/ha and 393 EUR/ha respectively (Vásáry et al., 2017) . Between 2005 and 2014, Czech farmers reached higher per hectare payments due to higher yields, between 2015 and 2017 higher payments were provided to Polish beet growers. Also, it is worth mentioning, that Polish farmers has access to significant pallet of indirect support tools, which improve general economy of beet Original scientific paper DOI: /10.5513/JCEA01/20.3.2313 Kotyza et al.: Changes in sugar beet production in the Czech Republic and Poland after the... Only between 2010 and 2014, Czech price was more beneficial. Table 14 also presents changes in distribution of margins in sugar value chain when comparing price
Original scientific paper DOI: /10.5513/JCEA01/20.3.2313 Kotyza et al.: Changes in sugar beet production in the Czech Republic and Poland after the... of beet at farm-gate, sugar price at producer level and retail consumer price. Based on own calculations and observations, it can be concluded, that margin between beet producer and sugar refinery has been decreasing in long-term by 1.49% annually in Poland and 0.6% in the (Špička, 2016) , may play significant role in consumer price determination, as lower competition does not drive prices down. Even though producer prices go down, the Czech retail sugar margin has an increasing trend. Retail sugar margin has been increasing by 3.71% per annum.
In Poland, observed situation differs. Retail market is less concentrated (Špička, 2016) , retail prices move in the direction of producer prices (-0.5 and -0.75% per annum, respectively), the margin of sugar producers and retailers is decreased annually by similar intensity. Original scientific paper DOI: /10.5513/JCEA01/20.3.2313 Kotyza et al.: Changes in sugar beet production in the Czech Republic and Poland after the... takes part in the negotiation of industry agreements in which, for example, the ranges of transport cost are set.
Krajowy Związek Plantatorów Buraka Cukrowego brings together 32 regional associations supporting sugar beet growers. These regional associations do not enter the negotiation process for input prices (each sugar factory solves this problem on its own) but can support sugar beet growers in the negotiation process for beet price with individual sugar factories. However, a large amount
Original scientific paper DOI: /10.5513/JCEA01/20.3.2313 Kotyza et al.: Changes in sugar beet production in the Czech Republic and Poland after the... Unfortunately, Polish groups evince about 40% fail rate (Kotyza, 2017) , which further reduce importance and efficiency of provided financial support. Above stated facts indicate that Polish farmers agree with given market situation and, probably, only unfavourable market situation could motivate them to proceed with vertical integration on the level of marketing organisations. Their share on the market is minor and their functionality is questioned, due to the high fail rate of supported groups in Poland. Unequal position of growers to refineries is slightly mitigated by the existence of grower associations, but they do not directly enter negotiation procedure, they only provide certain framework and assistance, if needed.
CONCLUSIONS
After the end of the sugar quota system, growers will be under pressure to further decrease the price of beet, as the price of sugar will be down. Improving production efficiency, further improvements in yields, pressure on costs will be observed. On the other hand, producers will need to face further consolidation in the sugar production markets, as small uncompetitive refineries might be put out of operation and large might become larger. Elimination of quota will also increase market with sugar substitutes, mainly glucose-fructose syrup, which is produced mainly from cornstarch. Substitutes, mainly if the price of sugar was high, were very successful to replace sugar in many food products. In short-run, when low sugar prices are expected, competition from non-sugar sweeteners industry might not influence the position of farmers, but could significantly change the situation during sugar price increase and therefore in the long-run influence prices of beet negatively. After the EU is left by the UK, Czech farmers are about to be way the largest one among the TOP sugar producing countries, but lagging behind production efficiency of other farmers in mainly Wester Europe. Current negotiations about new EU financial perspective is making farmers concerned, whether also in the new financial scheme support for beet will be remained. If not, the whole sector would change significantly.
